Background: Smoking has been associated with Graves' disease, but it remains unclear if the association is present in other thyroid disorders. Outcome variables: Graves' disease, Graves' ophthalmopathy, toxic nodular goitre, non-toxic goitre, post-partum thyroid disease, Hashimoto's thyroiditis, or hypothyroidism. Material and methods: A search of MEDLINE identified 25 studies on the association between smoking and thyroid diseases. Results: In Graves' disease eight studies were available showing an odds ratio (OR) of 3.30 (95% confidence interval (CI): 2.09-5.22) in current smokers compared with never smokers. In ex-smokers there was no significant excess risk of Graves' disease (OR ¼ 1:41; 95% CI: 0.77 -2.58). The OR associated with ever smoking in Graves' ophthalmopathy (4.40, 95% CI: 2.88-6.73, six studies) was significantly higher than in Graves' disease (1.90, 95% CI: 1.42 -2.55, two-sided P-value , 0:01). Ever smoking was not associated with toxic nodular goitre (OR ¼ 1:27; 95% CI: 0.69-2.33, three studies), while there was an increased risk of non-toxic goitre in smokers if men were excluded (OR ¼ 1:29; 95% CI: 1.01-1.65, eight studies). The risk associated with smoking was significantly lower in men than in women for both Graves' disease and non-toxic goitre. Hashimoto's thyroiditis and post-partum thyroid dysfunction were also associated with smoking while the association with hypothyroidism did not reach statistical significance. Conclusions: Cessation of smoking seems associated with a lower risk of Graves' disease than current smoking. Smoking increases the risk of Graves' ophthalmopathy beyond the risk associated with Graves' disease alone. Smoking cessation may lead to a decrease in morbidity from Graves' disease, especially in women.
Introduction
Previous studies have associated smoking with Graves' disease (GD) (1 -8) and with Graves' ophthalmopathy (GO -also termed endocrine ophthalmopathy) (1, 4 -7, 9-15) , whereas the studies on the association between smoking and other forms of thyroid disease are limited. As smoking is frequent in some countries (16) even a limited association between smoking and thyroid diseases may have a significant impact on the occurrence of, for example, GD.
However, there are several unanswered questions: (1) Does cessation of smoking reduce the risk of GD and GO (17) , i.e. is the potential damage attributed to smoking a permanent organ damage which would mean an equal increase in risk in current and previous smokers, or is the risk linked to a partly or totally reversible acute toxic effect of the tobacco? (2) Is GO more severe in smokers than in non-smokers? (3) Are other types of thyroid disorders (toxic nodular goitre (TNG), non-toxic goitre (NTG), autoimmune hypothyroidism (AIH), Hashimoto's thyroiditis (HT), and post-partum thyroid dysfunction (PPTD)) linked to smoking?
In GD, hyperthyroidism is linked to immunological factors whereas this is not the case in TNG (18) . If smoking was linked to GD but not TNG, it would suggest that smoking only modulates immunological processes. On the other hand, it has been shown that thyroid volume increases in smokers (19, 20) , and this could suggest a link to NTG and eventually both TNG and GD. If smoking modulates immunological processes in the thyroid, smoking could potentially also be linked to AIH and HT. As PPTD contains features of several of the thyroid disorders mentioned, smoking may also be involved in this disorder.
To answer the questions raised above, a metaanalysis was performed assessing the relationship between smoking habits and different thyroid disorders.
Materials and methods
MEDLINE was searched on 14 August 2001 using the MESH words 'smoking', 'hyperthyroidism', 'hypothyroidism', 'Graves', 'thyrotoxicosis', 'post partum thyroid dysfunction', and 'Hashimoto', which yielded 273 references. The reference lists of these papers were then screened for further studies. The Cochrane library was also screened using the same MESH terms, but no studies were identified.
Studies were included in the meta-analysis if they reported clinical data on the association between smoking as the exposure variable and any of the thyroid disorders mentioned as outcome variable. Studies were included irrespective of design. This was done as only few studies were available. It was tested if certain designs (e.g. case control designs) gave rise to different risk estimates than others, but this did not seem to be the case. No difference in risk estimates could be shown between prospective studies and other types of studies, but the number of studies was limited.
The association was expressed as an odds ratio (OR), and this was re-calculated for all studies by the method of Miettinen (21) using the figures given in the papers as the risk estimates presented in the papers had been calculated using different risk estimates and different methods for calculating 95% confidence intervals (95% CI). Furthermore, some studies had adjusted the presented risk estimates for age and gender, making a direct comparison of crude risk estimates uncertain.
Calculated ORs for different subgroups were compared using Poisson regression (22) .
Smoking status was subdivided into (1) current smokers, i.e. subjects who smoked at the time of the study, (2) ever smokers, i.e. subjects who were either current smokers or who had stopped smoking at the time of the study, and (3) previous smokers, i.e. subjects who had previously smoked but had stopped at the time of the study.
Age and gender distribution were also extracted as potential confounders. The iodine status of the population was assessed from the region where the study was performed (23) .
Funnel plots were used to evaluate possible publication bias. 2P denotes two-sided P-values.
Results
From the 273 original studies and the reference lists of these, 25 studies with clinical data were retrieved (Tables 1-6). Most of the studies presented data that were either exclusively or predominantly on women.
Previous smokers did not have an increased risk of GD compared with normal controls ( Table 2 shows data for patients with GO compared with normal controls. The risk estimate was heterogeneous due to differences in severity of eye disease. In the two studies where the patients were subdivided according to severity of eye disease (9, 10), smokers had a much higher risk of the more advanced stages of eye disease than non-smokers (2P , 0:05 by Poisson regression in both cases). In ever smokers the risk estimate of GO was significantly higher than the risk estimate associated with GD, 2P , 0:01 by Poisson regression.
One study allowed comparison of GO in females and males (4), reporting a significantly lower risk among the latter (2P ¼ 0:03 by Poisson regression). Table 3 shows the risk of GO among patients with GD in smokers compared with non-smokers. Despite the heterogeneity in study designs, the risk estimates were homogeneous, with no difference between current and ever smokers. The estimate for ever smokers (2.53, 95% CI: 1.70 -3.77) was close to the ratio ð4:28=1:90 ¼ 2:25Þ in risk estimates from Tables 1  and 2 .
Two studies reported a dose -response relationship between number of cigarettes smoked in current smokers and risk of hyperthyroidism (13, 15) .
Tellez et al. (15) found a higher risk of GO in Europeans compared with Asians after adjustment for smoking (OR ¼ 6:4; 95% CI: 1.8 -22.7); however, the OR for GO associated with smoking could not be shown to differ significantly in Europeans (2.2, 95% CI: 1.0-4.7) and Asians (8.3, 95% CI: 0.9 -78.7; 2P ¼ 0:27). Table 4 shows a trend towards an increased risk of NTG in smokers, especially if males were excluded from the analysis. Two studies allowed comparison of male and female ever smokers (2, 4): males tended to have a reduced risk (pooled OR ¼ 0:45; 95% CI: 0.19-1.08) in contrast to females (pooled OR ¼ 1:35; 95% CI: 1.02-1.80), and this difference was statistically significant (2P ¼ 0:02 by Poisson regression). If the estimate in women with NTG for ever smoking was compared with the corresponding estimate in GD, a significant difference was present (2P , 0:01 by Poisson regression).
In NTG, smokers had a trend towards more solid goitres and a higher prevalence of nodular versus diffuse non-toxic goitre (24) . Table 5 shows an insignificant trend towards a higher risk of TNG in smokers compared with nonsmokers. Table 6 summarises studies in patients with HT, PPTD and hypothyroidism. There were only few and heterogeneous studies for each category. Smoking attained statistical significance as a risk factor for PPTD and HT. Although there was a trend, it did not attain statistical significance for hypothyroidism.
In the two studies on HT, the diagnosis was based on clinical history, thyroid hormones, thyroid microsomal autoantibody determination, and thyroid ultrasound and/or scan.
Limiting the analysis of PPTD to the three studies with a laboratory definition changed the estimate to 1 
Discussion
The risk of GO was significantly higher than the risk of GD, and in patients with GD smoking further increased the risk of GO (multiplicative relationship), which may suggest that other mechanisms may be involved in the pathogenesis of GO besides those leading to GD.
Upon cessation of smoking, the risk of GD seemed to return to the same level as in never smokers. In GO it was not possible to estimate the effects of smoking cessation.
The heterogeneity of risk estimates with smoking in GD ( Table 1) was probably linked to heterogeneity in smoking patterns (amounts smoked per day in current smokers, duration of smoking, time since smoking cessation, total amounts smoked throughout life).
The higher risk of NTG in female smokers is in accordance with studies reporting higher thyroid volume in smokers than in non-smokers (27 -29) . The heterogeneity of the common OR in NTG was probably due to differences in smoking patterns and different definitions of goitre (diffuse or nodularpalpable, visible, etc.).
In TNG, no significant relationship with smoking was present, but the number of studies was limited.
The risk of both GD and NTG was lower in men than women, perhaps related to the fact that differences in autoantibody formation has been reported between male and female smokers (30) .
The prevalence of PPTD differed between studies depending on the disease definition, and the prevalence of autoantibodies in the population, making the confidence interval wide in some cases.
The association with smoking was present both in study groups with a low smoking frequency (4) and in study groups with a high smoking frequency (5) .
The relationship between smoking and GD was homogeneous across studies performed in iodinereplete (4, 5) and iodine-deficient regions (1) . This could indicate that smoking acts independently of iodine status.
It should be noted that all studies, except the study by Tellez et al. (15) , were performed in Caucasians. Despite reporting a higher OR of GO in Europeans compared with Asians after adjustment, the OR associated with smoking itself could not be shown to be different in the study by Tellez et al. (15) . This apparent paradox could perhaps be linked to other differences besides smoking and iodine intake, such as differences in human leucocyte antigen (HLA) haplotypes (11) between ethnic groups.
It should be emphasised that several of the study groups were small and heterogeneous, and further studies are thus needed.
In conclusion, cessation of smoking was associated with a lower risk of GD than current smoking. Men seemed to be protected from the detrimental effects of smoking in GD and NTG.
